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Endocytosis pulls Notch apart
N
otch’s neighbors are tearing it apart. On page 445, Nichols et al. 
show that endocytosis of a ligand on one cell pulls apart its 
Notch receptor on an adjacent cell, leaving behind an activation-
susceptible receptor remnant.
Dormant Notch on the cell surface must be cleaved into a free intra-
cellular domain that can travel to the nucleus to activate gene expression. 
Three proteases are known to trim Notch. The ﬁ  rst, furin, cleaves before the 
receptor reaches the plasma membrane and leaves Notch in two pieces that 
are held together by noncovalent bonds.
The next two cleavages, by ADAM and then γ-secretase, occur after 
Notch binds a ligand such as Delta on an adjacent cell. Endocytosis in the 
Delta cell is necessary to activate Notch signaling in the neighboring cell. 
One model proposes that Delta endocytosis makes the ADAM cleavage 
possible, thus allowing the extracellular portion of Notch to be taken in 
along with the ligand into the adjacent cell. The remaining piece of Notch is 
then accessible to γ-secretase and can activate signaling in its own cell.
Nichols et al. prove for the ﬁ  rst time that part of Notch is indeed taken 
into the adjacent Delta cell. ADAM cleavage, however, was not necessary 
for the Notch transendocytosis. Instead, endocytosis itself provides a force 
that tears Notch apart at its furin cleavage site.
ADAM was needed, however, for the remaining Notch to be activated. 
The authors propose that removing the extracellular portion by endocytosis 
is like pulling the pin from a grenade: it leaves behind a protease-accessible piece of Notch that soon 
explodes with activity. In the Delta cell, the “pin” is simply degraded.
Because Notch regulates so many different processes, cells strictly prevent its inadvertent activation. 
In that case, the noncovalent bonds at the furin cleavage site must be strong. Endocytosis—and the 
bond between Delta and Notch—must be even stronger. 
Pinched off membrane
C
ells slough off extra membrane 
by pinching it off into the extra-
cellular space, say Dubreuil et al. 
on page 483. The discarded membrane can 
be released by either cilia or midbodies, 
with potentially distinct outcomes.
Membrane particles can be seen fl  oat-
ing in the extracellular space of the devel-
oping neural tube. These particles are 
distinct from signaling exosomes, leaving 
their origin in question. The authors now 
show that one origin of these particles is 
the midbody—the membrane structure that 
transiently connects two daughter cells and 
contains the contractile ring.
The group identifi  ed the midbody as the 
source by examining EMs of neural tissue 
serial sections. They showed that particles 
emerge from midbodies of dividing neuro-
epithelial cells. The midbody particles are 
released at a developmental stage when these 
cells switch from symmetric, proliferative 
divisions to the asymmetric, differentiation-
inducing divisions that produce neurons.
Differentiation might be a consequence 
of particle release, as the discarded mem-
brane is enriched in a stem cell marker called 
Prominin-1. If this protein confers a stem 
cell phenotype, its irreversible expulsion 
might drive differentiation. The authors are 
now testing whether cancer cells have lost 
the ability to discard the Prominin-1 parti-
cles, thus preserving the stem cell-like state.
At the onset of neuro-
genesis, neuroepithelial 
cells released Prominin-1 
particles that are smaller 
than midbodies and ap-
pear to originate instead 
from cilia. Their release 
might help to shrink the 
membrane of the cilium, 
which disappears during mitosis.
The authors speculate that free-fl  oating 
Prominin-1 bodies might also relay signaling 
information. Perhaps, for instance, the parti-
cles notify neighbors that a division has taken 
place as part of a size control mechanism.
The components that make up this new 
membrane disposal pathway are still 
  unknown, but they should be widely 
  expressed; preliminary results indicate 
that epidermal and mesenchymal tissues 
also release midbody particles. 
Prominin-1 (red) and a midbody marker (green) are found on 
midbodies (arrowheads) and in lumenal particles (inset).
Delta cells (blue) pull on the Notch cell to remove and 
take up the Notch extracellular domain (green).